The participation of coronary perfusion pressure in hemodynamic and transmural metabolic changes was examined in the open chest canine heart.
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Heart J. November 1981 Fig. 1 . Effects of changing coronary perfusion pressure (CPP) by gradually constricting the tube of circuit every minute on mean coronary blood flow (CBF), heart rate (HR), left ventricular pressure (LVP), myocardial contractile force (MCF), systemic blood pressure (SP), and lead II-ECG in a heparinized open chest dog. SP was measured from the femoral artery. Systolic tension of the outer layer of the hypoperfused area was measured as MCF, using a force strain-gauge arch. level in these 3 parameters, since it occurred just below 50% of the control in the coronary perfusion pressure. While a fall in the LVPP and an elevation of ST-segment in Epi-ECG occurred under more severe conditions that the coronary perfusion pressure was below 40% of the control. The heart rate did not change throughout the experiments.
In order to clarify to what extent the coronary perfusion pressure participated in transmural energy metabolism, the transmural content of phosphate compounds in the hypoperfused area was measured under 50% in the coronary blood inflow. In these experiments, 14 dogs, including 6 dogs for sham operation, were used. Hemodynamic parameters and gas analysis of arterial blood obtained from 8 dogs before hypoperfusion were as follows: by coronary constriction for 15min, LVPP and heart rate remained unchanged throughout the experiments , while the coronary perfusion pressure fell in various degrees ranging from 39 to 73% of the control in each case . A little elevation of LVEDP occurred in only 1 case in which the perfusion pressure decreased to 39% of the control.
In the sham operated group, the content of high energy phosphate compounds in the midcardium was similar to that in the subepicardium and significantly higher than in the subendocardium. In the second excised group, the contents of high energy phosphate compounds in the subendocardium and in the midcardium were significantly lower than those in the sham operated group, and there was no difference between the contents in the subendocardium and in the midcardium. The content in the subepicardium was similar to that in the sham operated group (Table I) .
In Fig 4 , ATP, CP, Pi, and LA contents in each layer after the reduction of coronary arterial inflow to about a half level are illustrated against the percent of the control in coronary perfusion pressure. At a lower pressure than 60% of the control the content of high energy phosphate compounds showed a tendency to decrease, while LA and Pi contents increased depending on the degree of the fall in coronary perfusion pressure. In 2 cases in which the perfusion pressures were kept at 73 and 67% of the control (as shown in Fig. 4 ) the decrease in high energy phosphate compounds did not occur. To clarify transmural changes in these substrates, the ratios of subendocardium to subepicardium for substrates were calculated and sum- Heart J. N ovember 1981 marized in Fig. 5 . In most cases the ratio for CP was below 1.0 and that for LA was above 1.0 in the sham operated group. After the coronary hypoperfusion the ratio for ATP and CP decreased and the ratio for LA increased depending on the decrease in the coronary perfusion pressure, while the ratio for Pi did not change in spite of the decrease in the coronary perfusion pressure.
The minimum value of the ratios for ATP and CP was approximately 0.6. An elevation of ST-segment in ECG occurred in only 2 cases in which the perfusion pressure decreased to 46 and 39% of the control. In 4 cases in which the perfusion pressure decreased to below 60% of the control (as shown in Fig. 4 ) the decrease in high energy phosphate compounds was observed in all layers without the elevation of ST-segment in ECG.
In 2 cases where the coronary arterial inflow were reduced to 44 and 27% of the control for 15min the coronary perfusion pressure decreased to 31 and 33% of the control, respectively.
The contents of substrates in these cases are shown in Figs. 6, 7, and 8, and more marked changes in the myocardial energy metabolic state occurred.
There was a negative linear relationship between the contents of Pi and CP (Fig. 6 ). As shown in Figs. 7 and 8, when the content of CP decreased to below one-third of the value All symbols are the same as described in Fig. 6 .
of the sham operated group, the significant accumulation of LA in the myocardium and the precipitous decrease in ATP occurred.
DISCUSSION
In the sham operated group, the midcardium obtained in the area perfused by the left circumflex coronary artery contained high energy phosphate compounds more abundantly than the subendocardium and similar to the subepicardium. Under the condition of hypoperfusion, the content of high energy phosphate compounds in the midcardium was significantly lower than that in the subepicardium and neared to that in the subendocardium. On the other hand, the content of high energy phosphate compounds in the midcardium obtained from the second excision in the area perfused by the left anterior descending coronary artery was significantly lower than that in the sham operated group and not different from that in the subendocardium. There was no change in the high energy phosphate compounds in the subepicardium. These data were similar to those obtained from hypoperfused area. The second biopsy was done just after the first biopsy, so even though the first hole was closed the coronary perfusion pressure might still remain at a lower level. These results indicate that the midcardium seems to be more vulnerable to hypoperfusion than the subepicardium and that the specimen from the second excision is not a proper material to have control data. Therefore, the values obtained from the sham operated group were taken for control value.
No reactive hyperemia occurred in the case where the coronary perfusion pressure was below 50% of the control, even though the coronary blood flow was kept at 80% of the control. In addition, even if the coronary blood flow reduced to 50% of the control, the reactivity of the artery was still maintained so far as the perfusion pressure was kept at above 50% of the control. Thus, the reactivity of the coronary artery was closely related to the level of the coronary perfusion pressure. Along with the disappearance of reactive hyperemia, an elevation of the LVEDP, a decrease in CP content and an accumulation of LA in the myocardium occurred depending on a decrease in the coronary perfusion pressure. However, ATP content in the subepicardium was maintained around normal level and a little decrease in ATP content was produced in the subendocardium under the lower pressure than approximately 50% of the control. Thus, CP content was shown as the most sensitive indicator for oxygen deficiency. The expense of CP was confirmed by the linear relationship between CP and Pi content. The ratio of subendocardium to subepicardium for CP decreased and that for LA elevated depending on a decrease in the coronary perfusion pressure.
As collateral channel is not present after acute stenosis,2) it is probable that the predominance in subepicardium is not attributable to collateral flows from normal area. The decrease in coronary blood flow might be induced without changing the extravascular pressure, since the heart rate and the left ventricular peak pressure showed no significant changes throughout the experiments.
Under normal conditions there is a considerable reserve capacity for vasodilatation in each layer.1) However, under the present conditions in which the coronary arterial inflow was decreased by 50% of the control, its capacity may have already disappeared, especially in subendocardium. 4) It has been reported that, in conditions without autoregulation, the extravascular pressure that is higher in inner portion than in outer portion of left ventricular wall may influence directly on the distribution of blood flow,8),10) and only coronary perfusion pressure may affect against the extravascular pressure.9) Therefore, though the extravascular pressure was not changed in this study, the distribution of coronary blood flow in myocardium would become more disproportionate and the inner portion would easily become ischemic when the coronary perfusion pressure decreased.
Thus, the insufficiency of oxygen supply may result in a decrease in high energy phosphate compounds in the myocardium, especially subendocardium.
Our results suggest that the coronary perfusion pressure plays an important role for a severity of the transmural energy metabolism in the hypoperfused ventricle.
